For breeding bees that tolerate Varroa mites, one strategy is to select stocks that survive without using measures to control mites. However, it may be more efficient to select for specific traits that confer resistance so that multiple traits can be combined in resistant stock. Two behavioral traits have been identified that suppress population growth of Varroa mites. One of these traits is Varroa sensitive hygiene, which has been incorporated into a breeding program that made stock available to beekeepers Harris 1999, 2005; Spivak 2004, 2006; Rinderer et al. 2010) . The other trait is grooming behavior (Arechavaleta-Velasco and Guzmán-Novoa 2001) . Mite-grooming behavior has been associated with higher proportions of mutilated mites falling from bees in colonies (Arechavaleta-Velasco and Guzmán-Novoa 2001) and the proportion of mutilated mites was associated with lower infestation levels (Moosbeckhofer 1992; Arechavaleta-Velasco and Guzmán-Novoa 2001; Mondragón et al. 2005) . However, measuring the proportion of chewed mites in a breeding program is extremely laborious because most mutilated mites are only missing legs, and one must be careful not to damage the mites prior to making observations. One laboratory assay involved observing the reaction of individual bees when mites were placed upon them (Aumeier, 2001) . Several cage assays for grooming behavior have been developed, but these assays required collecting and counting mites to artificially infest a small number of bees. Results of these assays have not been directly correlated with the proportion of chewed mites in colonies, but they did show differences between low-and high-grooming lines (Arechavaleta-Velasco and Guzmán-Novoa 2001; Currie and Tahmasbi 2008) . Here, we describe a mitegrooming assay that relies on the natural infestation of the bees and does not require determining the number of bees tested.
From May through August 2009, 31 colonies were used to develop a mite-grooming assay. Wooden cages (52.5×27×7.2 cm) were built capable of containing one frame covered with bees ( Figure 1 ). The top and the bottom of the cages were made of metal screen (eight openings per 2.54 cm). A wooden gas chamber was built to hold the cages to anesthetize the bees with carbon dioxide. From each of the selected colonies, bees from several frames in the brood nest were shaken into the cage, and a frame with only nectar and pollen and no brood was placed inside the cage. An entire frame of bees was used to ensure sufficient number of mites and bees to obtain reliable data on grooming behavior. A white plastic board (50.9×38.8 cm) was used to collect the mites. Each board was labeled to indicate the colony being assayed and was coated with canola oil using a brush. The cages were then placed on wood supports (45× 1×1.9 cm) above the plastic boards at room temperature (22°C to 25°C). The mites that dropped onto the oil during the first 72 h were then collected and counted. The remaining mites on the adult bees were collected by placing each cage inside the gas chamber and releasing 34.47 kPa of carbon dioxide (CO 2 ) for 30 s. The gas valve was then closed, and the bees were exposed to the gas for an additional 1.5 min. Anesthetized bees were placed inside of a plastic container sealed with a metal screen, and the bees were weighed to estimate the total of mites per unit of bee weight. The total weights of the bees ranged from 71.42 to 357.14 g. After the bees were partially revived, 30 g of powdered sugar was added to the bees inside the container. After sitting for 2 min, the container was shaken upside down multiple times, and the mites present on the adult bees were collected on a sheet of white plastic and counted. The proportion of mites removed was calculated by dividing the number of mites removed during the grooming period by the total number of mites (mites that fell during 72 h plus mites remaining on adult bees).
The proportion of chewed mites that dropped from the cages was not determined, but the proportion of mutilated mites from sticky boards in the source colonies was counted to be able to compare the percentage of chewed mites with the results of the lab assay. Mites were considered to be chewed if they were missing legs or parts of legs, or if they had a part of the outer edge of the idiosoma missing. These mutilations are easy to differentiate from the "dorsal dimples" that were described by Davis (2009) . These counts were done approximately 1 month after the lab assay. Sticky boards were placed under screens at the bottom of each of the 31 colonies in the field. After 72 h, the sticky boards were collected and placed in the freezer separated by wooden spacers to preserve the mites until they were counted. The mites from each sticky board were removed, mounted legs up on microscope slides, inspected, and counted for damage in the idiosoma and amputation or mutilation of one or more legs. The percentage of chewed mites was calculated.
A significant positive correlation was found between the proportion of mites removed in the lab assay and the proportion of chewed mites on sticky boards from the source colonies (r 2 =0.231; P=0.006; log-transformed data). This relationship indicates that the colonies that removed the highest percentage of mites in the caged bees were also the colonies that had the highest percentage of chewed mites (Figure 2a) . These results show that the method used to measure mite-grooming behavior is effective. In addition, we also found a significant negative correlation between the percentage of mites removed and the mite infestation of adult bees (r 2 =−0.367; P< 0.001; log-transformed data), which indicates that the colonies with the highest percentage of mites removed in the cage assay had the lowest population of mites on adult bees (Figure 2b ). These results suggest that the low population of mites present on the adult bees was due to grooming. This method should be suitable for screening sufficient numbers of colonies to select for grooming behavior in breeding programs and could be valuable for research of mite-grooming behavior. The main limitation is the number of cages that can be constructed and the time and labor required to collect the bees and to count mites. We speculate that using an entire frame full of bees is important because mite infestations were sometimes fairly low. The range for the total number of mites in these cages was from five to 199. The two outliers that appear in (Figure 2a ) are two out of the five colonies with the lowest number of mites (seven and 12). Perhaps this assay works best when the infestation levels of mites are relatively high. The assay is still fairly laborious and should be considered only as a possible alternative to determining the proportion of mutilated mites on sticky boards, but our assay seems to solve one problem that has faced researchers, that of having a test that mimics colony conditions in cages. In these queenless cages, the bees would sometimes buzz loudly for short periods, especially during the afternoons. It appears that the presence of a queen and brood is not needed to stimulate significant amounts of grooming behavior. It should also be noted that the assay appears to work over a fairly broad range of bee samples. We shook between 70 and 350 g of bees into the cages, but the average weight of bees used was 161.73 g. Figure 2 . a Positive linear relationship between the percentage of mites removed in the cage assays and the percentage of chewed mites that fell from colonies (r 2 =0.231; n=31; P=0.006). Graph presents raw data, but statistical analysis was performed on log-transformed data to approximate a normal distribution. b Negative linear relationship between the percentage of mites removed in cage assays and mite infestation of adult bees (r
